In recent years, biofuels have attracted great interest as a source of renewable energy owing to the growing global demand for energy, the dependence on fossil fuels, limited natural resources and environmental pollution. However, the costeffective production of biofuels from plant biomass is still a challenge. In this context, the study of carbohydrate-binding modules (CBMs), which are involved in guiding the catalytic domains of glycoside hydrolases to polysaccharides, is crucial for enzyme development. Aiming at the structural and functional characterization of novel CBMs involved in plant polysaccharide deconstruction, an analysis of the CAZy database was performed and CBM family 64 was chosen owing to its capacity to bind with high specificity to microcrystalline cellulose and to the fact that is found in thermophilic microorganisms. In this communication, the CBM-encoding module named StX was expressed, purified and crystallized, and X-ray diffraction data were collected from native and derivatized crystals to 1.8 and 2.0 Å resolution, respectively. The crystals, which were obtained by the hanging-drop vapour-diffusion method, belonged to space group P3 1 21, with unit-cell parameters a = b = 43.42, c = 100.96 Å for the native form. The phases were found using the single-wavelength anomalous diffraction method.
Introduction
Despite the advances in biofuel production through the utilization of enzymes for biomass conversion, cost-effective production of biofuels is still a challenge (Bolam et al., 2004; Farrell et al., 2006; Santos et al., 2012; Alvarez et al., 2013; Kim et al., 2013; Reyes-Ortiz et al., 2013) . The conversion of lignocellulose into sugars is a complex process and many approaches have been taken to improve it, such as the development of highly active cellulases (Graham et al., 2011; Kim et al., 2011; Merino & Cherry, 2007) . For this reason, carbohydrate-binding modules (CBMs), which have nonhydrolytic activity, are being studied extensively (Kim et al., 2009; Guillé n et al., 2010; Suwannarangsee et al., 2012; Campos et al., 2014) . The function and behaviour of these auxiliary proteins, as well as their interaction with the catalytic subunits, still represents a gap in understanding carbohydrate degradation (Kim et al., 2009; Guillé n et al., 2010; Viegas et al., 2013) . The CBMs are grouped into 71 families in the CAZy database based on sequence similarity (Freelove et al., 2001; Cantarel et al., 2009) ; nevertheless, many of these families have not been characterized. In order to obtain structural insight into one of these uncharacterized CBMs, we chose to study family 64, which encodes the module named StX (Angelov et al., 2011) .
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# 2015 International Union of Crystallography StX has been found in the C-terminal domains of several Spirochaeta thermophila proteins (Angelov et al., 2011) , associated with glycoside hydrolase families 5, 9, 10, 12 and 48. It has also been shown that StX binds to microcrystalline cellulose with high specificity (Angelov et al., 2011) . The StX protein has 92 amino acids and a predicted molecular weight of 10.5 kDa. The crystallographic structure of StX will shed light on the mechanism of protein-ligand recognition and its role in biomass degradation. In this communication, we describe the expression, purification, crystallization and data processing of StX.
Materials and methods

Cloning, expression and purification
The gene encoding the carbohydrate-binding module StX (UniProt E0RP41) found in a xylanase from S. thermophila was synthesized by GenOne Biotechnologies (Rio de Janeiro, Brazil). The synthesized region based on the E0RP41 sequence contained nucleotides 1087-1353, which encode the CBM (amino acids 363-451). The synthesized gene was digested with the NdeI and NotI restriction enzymes, cloned into the expression vector pET-28a and verified by DNA sequencing (Table 1 ). The final construct encodes full-length StX fused to an N-terminal His tag with a thrombin protease cleavage site for tag removal.
The recombinant StX was expressed in Escherichia coli strain ÁSlyD pRARE. A single colony was used to inoculate a 10 ml Luria-Bertani (LB) starter culture supplemented with kanamycin (50 mg ml À1 ) and chloramphenicol (25 mg ml À1 ) and was used to inoculate 3 l LB medium, which was cultured at 310 K until the OD 600 reached $0.6 followed by induction with 0.4 mM isopropyl -d-1-thiogalactopyranoside (IPTG) for 3 h at 310 K. The cells were harvested by centrifugation (15 000 rev min À1 ), resuspended in 20 ml binding buffer (20 mM Tris-HCl pH 8.0, 200 mM NaCl, 5 mM imidazole, 20% glycerol) and incubated on ice with lysozyme (1 mg ml À1 ) for 30 min. The cells were sonicated and the clarified supernatant was incubated with nickel resin for 2 h at room temperature. The beads were washed with 50 ml washing buffer (20 mM Tris-HCl pH 8.0, 200 mM NaCl, 10 mM imidazole, 20% glycerol) and the retained proteins were eluted with 6 ml washing buffer containing 200 mM imidazole. The 6ÂHis tag was cleaved with thrombin (1 U ml À1 ) at 16 C for 16 h. The protein was further purified on a HiLoad 16/60 Superdex 75 prep-grade column equilibrated with 20 mM sodium phosphate pH 7.2, 50 mM NaCl. Purified StX was stored at 4 C.
Crystallization
A highly purified StX sample was concentrated to 5 mg ml À1 in 20 mM sodium phosphate pH 7.4, 50 mM NaCl. Initial crystallization experiments were performed by the sitting-drop vapour-diffusion method at 291 K using a Honeybee 963 robot (Genomic Solutions). The drop consisted of 0.5 ml StX solution plus 0.5 ml reservoir solution. As the first crystals did not diffract, manual refinement was performed using the hanging-drop vapour-diffusion method with the drop consisting of 1 ml StX solution plus 1 ml reservoir solution. The crystals grew in 24 h (Fig. 1 ) and were used for X-ray data collection (Table 2) .
Data collection and processing
The crystals (Fig. 1) were soaked in a cryoprotection solution consisting of 15% glycerol in the crystallization solution. For derivatization, crystals were incubated for 5 min in crystallization solution containing 15% glycerol and 0.8 M sodium iodide. After incubation, the crystals were flash-cooled in a stream of gaseous nitrogen at 100 K and X-ray diffraction data 
Figure 1
Crystals of StX were obtained in the presence of 7.5% PEG 1000, 17.5% PEG 8000 by the hanging-drop vapour-diffusion method. Campinas, SP, Brazil) using a PILATUS 2M detector (Dectris). In order to collect suitable native and iodinederivative data sets, the synchrotron-radiation wavelength was set to 1.459 and 1.8 Å , respectively. The data sets were processed with iMosflm (Battye et al., 2011) and scaled with AIMLESS (Evans, 2006) . The single-wavelength anomalous dispersion method was performed using AutoSol (Terwilliger et al., 2009 ) from PHENIX (Adams et al., 2010) .
Results and discussion
According to the CAZy database, several CBMs families have no three-dimensional structures solved to date. Family 64, a cellulose-binding domain with high specificity (Angelov et al., 2011) , is one of them. The StX gene was synthesized by GenOne Biotechnologies, cloned into pET-28a and overexpressed in E. coli ÁSlyD pRARE cells. The purified protein was obtained after a two-step protocol consisting of affinity and size-exclusion chromatography and validated for purity by SDS-PAGE. Crystals suitable for X-ray analysis were obtained by the hanging-drop vapour-diffusion method in 24 h in 7.5% PEG 1000, 17.5% PEG 8000 ( Fig. 1 ) and diffracted to 1.8 Å resolution (Fig. 2) . Based on the protein molecular weight, the calculated Matthews coefficient is 2.75 Å 3 Da À1 (Matthews, 1968) , corresponding to 55.3% solvent content with a monomer in the asymmetric unit. The StX sequence does not have a high identity to that of any protein in the PDB (<40%), precluding the use of molecular replacement for phasing. Consequently, singlewavelength anomalous dispersion methods were applied in order to solve the crystal structure. Crystals from the same condition as used for native data collection were incubated in sodium iodide solution and a complete and redundant data set was collected at a wavelength of 1.8 Å in order to enhance the anomalous scattering. Scaling with AIMLESS resulted in a mid-slope anomalous normal probability value of 1.451 Å and a reasonable anomalous correlation between half-sets (Table  3) . This statistics strongly pointed to detection of a pronounced anomalous signal and therefore to the presence of iodine in the structure. The first round of SAD phasing, autobuilding and refinement using AutoSol found 15 iodine sites and built a partial model with 81 residues and a final R work and R free of 0.28 and 0.29, respectively. The statistics for the collection and processing of the native and derivative data sets are given in Table 3 .
Phasing of the native data set by molecular replacement using the iodine-derivative structure as a model is currently in progress. In parallel with structural studies, comprehensive biochemical and functional analyses including substratespecificity studies are being carried out.
